• Premise of the study : Given that inaccurate taxonomy can have negative consequences for species of conservation concern and result in erroneous conclusions regarding macroecological patterns, effi cient methods for resolving taxonomic uncertainty are essential. The primary objective of this study was to assess the evolutionary distinctiveness of the federally endangered plant species Agalinis acuta (Orobanchaceae) to ensure it represents a distinct taxon warranting protection under the United States Endangered Species Act.
The fundamental importance of species in biology is refl ected in the extensive literature regarding the conceptual basis of this taxonomic and evolutionary category ( Mayr, 1942 ; Van Valen, 1976 ; Cracraft, 1989 ; Nixon and Wheeler, 1990 ; Baum and Shaw, 1995 ; Mallett, 1995 ) . A large body of literature also describes empirical methods for delimiting species (e.g., Sites and Marshall, 2004 ) . The numerous species concepts and delimitation methods make determining when a collection of individuals warrants recognition as a species challenging as well as highly contentious ( Coyne and Orr, 2004 ). Yet, understanding this fundamental aspect of biological diversity is essential. Wrongly assuming that the historical taxonomy ascribing individuals to species is accurate can result in erroneous estimates of species richness and, therefore, negatively impact our understanding of macroecological patterns ( Isaac et al., 2004 ) . More importantly, taxonomic misunderstandings can have negative ecological and evolutionary consequences when, for example, such confusion facilitates the invasion of nonnative taxa ( Gerlach et al., 2009 ) .
Taxonomic uncertainty also directly affects the conservation status of federally endangered plant species in that only evolutionarily distinct species, subspecies, or varieties that are at elevated risk of extinction are eligible for listing under the United States Endangered Species Act (ESA) ( U. S. Congress, 1973 ) . Listing entities that are later synonymized wastes resources that could be spent conserving truly imperiled taxa. For example, improved taxonomy has caused downlisting of one and delisting of seven plant taxa listed under the ESA ( U. S. Fish and Wildlife Service, 1989a , 1999 . Alternatively, failing to recognize a distinct taxon may result in the unwitting loss of signifi cant evolutionary diversity if extinction results from the lack of protection. Consequently, despite the controversy over different species concepts and delimitation methods, rigorous methods must be employed to answer questions of taxonomic uncertainty and reduce the negative consequences associated with such uncertainty.
Phylogenetic and population sampling -Multiple samples representing often geographically distant populations of each species were included in a phylogenetic analysis (10 A. acuta , 5 A. decemloba , 9 A. obtusifolia , 3 A. skinneriana , and 8 A. tenella ) (Appendix 1). Twenty of these individuals also represent populations that were included in the population-level analyses. Of these To resolve the controversy surrounding species concepts, de Queiroz (2007) has suggested that there is an underlying concept that unifi es the myriad species concepts: that species are " separately evolving metapopulation lineages " . In contrast to early typological views of species, de Queiroz (2007) embraces the fact that in the absence of gene fl ow, there is a continuum of evolutionary differentiation that proceeds after a speciation event. Characteristics emphasized under alternative species concepts will be acquired at different times following such an event, and thus, one cannot adhere to a single property because different species concepts and types of data can result in different species boundaries ( Baum, 1998 ; Marshall et al., 2006 ; de Queiroz, 2007 ) . Given that researchers are not likely to know where putative taxa lie along the continuum of divergence, it may be necessary to use multiple methods of inquiry to determine where putative species lie on that continuum and elucidate taxonomic boundaries. Such a sampling strategy will likely be required to differentiate among recently diverged species (e.g., Edwards et al., 2008 ; Leache et al., 2009 ) and has been emphasized as being essential for fully understanding taxonomy of species that are of conservation concern ( Fallon, 2007 ) .
We also suggest that in resolving questions of taxonomic uncertainty it is most constructive to treat historic taxonomic alignments as a testable hypothesis that a group of individuals represents an evolutionarily distinct group (i.e., Baum, 1998 ) . To test taxonomic hypotheses, we propose a sequential process starting with the more restrictive defi nitions and delimitation methods (e.g., genealogical species concept under which all gene copies from putative conspecifi c individuals must coalesce with each other before any coalescence with heterospecifi c individuals; Baum and Shaw, 1995 ) . Genealogical exclusivity represents one of the more restrictive criteria because (1) it is a binary property (i.e., species are either genealogically exclusive or not; Cummings et al., 2008 ) , and (2) the long evolutionary time over which such a property is expected to arise due to incomplete lineage sorting of ancestral polymorphisms ( Hudson and Coyne, 2002 ) . Additional analyses that can detect more subtle differences would be conducted only if one fails to reject the null hypothesis that putative taxa are indistinct because the more restrictive defi nitions were not met. The results of those additional analyses would be considered in light of species concepts that emphasize properties expected to arise earlier in the divergence process (e.g., distinct genotypic clusters; Mallett, 1995 ) . Sampling intensively within the entities of concern and taxa beyond those entities is also necessary to provide context to understand the magnitude of differences that distinguish pairs of closely related taxa and allow assessment of whether all groups warrant the taxonomic rank of species (i.e., Baum, 2009 ) .
We illustrate the power of this sequential approach by applying it to evaluate the taxonomic boundaries of and test the hypothesis that the federally listed endangered plant species Agalinis acuta Pennell (Family Orobanchaceae) is a distinct taxon. As a result of prior work (e.g., Neel and Cummings, 2004 ; Pettengill and Neel, 2008 ) and information contained in the recovery plan, the species from which A. acuta may not be evolutionarily distinct due to morphological similarity and/or a lack of genealogical exclusivity include Agalinis decemloba Greene (Pennell) , Agalinis tenella Pennell, Agalinis obtusifolia Raf., and Agalinis skinneriana (Alph. Wood) Britton. In this study, we sequentially assayed DNA sequences, microsatellite loci, and morphology from those fi ve putative species. The observed patterns at the different data types were then compared directly with expectations that would support the taxonomic DNA extraction -Total genomic DNA was isolated by grinding 50 -100 mg fresh or frozen ( − 80 ° C) leaves and fl ower buds to powder in liquid nitrogen with a mortar and pestle, and then using GenElute Plant Genomic DNA Kits (Sigma, St. Louis, Missouri, USA) or DNEasy Kits (Qiagen, Valencia, California, USA) following manufacturer ' s instructions. Some extractions were also carried out using Qiagen ' s BioSprint 96 DNA Plant Kit.
Phylogenetic loci and analyses -Phylogenetic analyses were based on six chloroplast loci ( trnT-trnF , rpoB , rps2 , psbA -trnH , rbcL , and matK ), which are maternally inherited, following protocols (e.g., primers, amplifi cation, and sequencing strategy) used in Pettengill and Neel (2010) . All sequences were aligned using the program MUSCLE ( Edgar, 2004a , b ) with the default settings and minimal manual editing.
The number of constant and variable characters were calculated using the program PAUP* v4.0b10 ( Swofford, 2003 ) . We estimated intra-and interspecifi c Kimura-2-parameter (K2P) distances ( Kimura, 1980 ) using the program MEGA v4.0 ( Kumar et al., 2004 ) . Analyses were conducted excluding the outgroup A. calycina .
Phylogenetic inference was conducted using both the Bayesian approach within the program MrBayes v3.1 ( Huelsenbeck and Ronquist, 2001 ) and a maximum-likelihood method implemented in the program GARLI v0.951 (Genetic Algorithm for Rapid Likelihood Inference; Zwickl, 2006 ) . Both were conducted under the GTR + Γ + I model of sequence evolution. Default settings were used within MrBayes except the heating parameter was set to 0.03 and the mean of the prior on branch length was set to 0.01 [ " brlenspr = Unconstrained: Exponential(100) " ]. Bayesian Markov chain Monte Carlo posterior probabilities were estimated after removing 25% of the 10 6 generations as burn-in based on runs where the standard deviation of the split frequency was < 0.01. For analyses with GARLI, statistical support for topological relationships was assessed through 1000 bootstrap replicates. To evaluate the range of topologies and associated likelihood scores across independent runs, we conducted 1000 analyses of the original nonbootstrapped data set. All analyses with GARLI were performed using the computing resources associated with The Lattice Project ( Bazinet and Cummings, 2008 ) within which the GARLI executable has been converted to a Grid service such that runs were distributed among hundreds of computers where they were conducted asynchronously in parallel ( Bazinet et al., 2007 ) .
Diagnostic cpDNA characters -Two of the cpDNA loci used for the phylogenetic analyses ( psbA-trnH and trnT-trnF ) were evaluated to determine whether they possessed diagnostic characters indicative of the putative species. These regions were chosen because they were the most informative in terms of percentage of variable sites in Pettengill and Neel (2008) and because they have been advocated in the plant DNA barcoding literature as having the most power to distinguish closely related species (e.g., Kress et al., 2005 ; Pettengill and Neel, 2010 ) . The program DNAsp v4.10.8 ( Rozas et al., 2003 ) was used to calculate the number of segregating sites that were fi xed between each pair of species with gaps in sequences treated as missing data. We also manually inspected the alignments for substantial insertion/deletion events that were diagnostic of putative species. We admittedly did not sample suffi ciently to guarantee that characters were truly fi xed within species ( Wiens and Servedio, 2000 ) ; however, the presence of such characters across geographically distant populations provides compelling evidence of their utility in diagnosing species.
Microsatellite genotyping -Details on the isolation and characterization of the 21 microsatellite loci (15 di-, 2 tri-, and 4 tetra-nucloetide repeat loci) that were developed from genomic DNA from A. acuta can be found in Pettengill et al. (2009) . Amplifi cation success of the microsatellite loci varied widely across species. Virtually all microsatellites failed to amplify in A. skinneriana , which was also noted in Pettengill et al. (2009) , so that species was not included in the population genetic analyses. The data set with all 21 loci and 20 populations representing A. acuta , A. decemloba , A. tenella , and A. obtusifolia was missing 9.4% of the total possible genotypes. Seventy-fi ve percent of the missing genotypes were from putative A. obtusifolia individuals. Considering that this degree of missing data was problematic for the analyses that we wished to conduct, we constructed a reduced data set that consisted of 14 loci and all 20 populations, which was missing 4.6% of the total possible genotypes, 57% of which were from A. obtusifolia individuals. ( Neel and Cummings, 2004 ; Pettengill and Neel, 2008 ) . On the basis of results from Pettengill and Neel (2008) Fig. 1 ). When population sizes were < 30, we sampled all individuals we could locate. Up to 61 morphological traits were assayed from 395 individuals, representing 18 of the populations of the fi ve species from which we collected DNA ( Table 1 ). The morphological characters measured were selected either because they represented traits that potentially infl uence the deposition of pollen and pollinator behavior and thus could contribute to reproductive isolation or because the characters were previously identifi ed as diagnostic for the species of concern (Appendix S1, see Supplemental Data with the online version of this article); descriptions of all variables including how they were measured and means and standard deviations are provided in Appendix S2 (see online Supplemental Data). We encountered a wide range of phenological conditions during our visits, and we could not measure all morphological variables on all individuals (e.g., fl owers were not always present, and thus fl oral characters were not measured for many individuals). Voucher information for all samples analyzed in this study can be found in Pettengill and Neel (2010) . ( Langella, 2002 ) . Due to the large number of missing genotypes, A. obtusifolia individuals were excluded from this analysis. We used the Bayesian program STRUCTURE ( Pritchard et al., 2000 ; Falush et al., 2003 ) to investigate group assignments of individuals. This model-based clustering method does not incorporate a priori knowledge about the group membership of individuals; rather, individuals are assigned to groups based on maximizing the degree of Hardy -Weinberg equilibrium and linkage equilibrium. We conducted 100 replicate runs at each value of K (i.e., the number of clusters) from 1 to 21 (i.e., one greater than the number of populations sampled) and present the results from the replicate with the highest likelihood score at a given value of K . We used a model that allows for admixture and correlated allele frequencies; Markov chain Monte Carlo sampling consisted of 50 000 generations for burnin and an additional 250 000 generations. Because we were interested in testing the hypothesis that individuals represented four species, our primary focus was the composition of the groups at K = 4.
Population genetic analyses
We used the program FreeNA ( Chapuis and Estoup, 2007 ) to estimate the frequency of null alleles. Using the data set created by FreeNA that corrects for the presumed presence of null alleles, we then conducted a subset of the analyses already described to determine if the patterns of differentiation differed substantially from those associated with our observed genotypes.
Morphological analysis -We used linear discriminant function analysis (DFA) to assess whether the fi ve species could be distinguished based on morphology and, if so, which morphological characters best distinguished among them. We chose to use DFA because the technique is designed specifi cally to distinguish between two or more groups using more than one variable at a time ( Neff and Marcus, 1980 ; StatSoft, 2004 ) . To avoid biasing our conclusions due to strong correlations among variables, if two variables were correlated at r 2 > 0.6, we included only one of the two in the DFA analyses. A variable was chosen each species and for each population within species. The program FSTAT ( Goudet, 1995 ) was used to estimate allelic richness ( A R ) using rarefaction to account for differences in sample size. The program GENEPOP ( Raymond and Rousset, 1995 ) was used to estimate inbreeding within populations as measured by F IS ( Weir and Cockerham, 1984 ) . We calculated Jost ' s D EST ( Jost, 2008 ) to estimate population differentiation using the program SMOGD v1.2.3 (Software for the Measurement of Genetic Diversity; Crawford 2009 ).
We used an analysis of molecular variance (AMOVA), as implemented in ARLEQUIN, to assess statistical support for fi ve different taxonomic alignments. One model included four groups corresponding to each of the putative species. We constructed four models that excluded A. obtusifolia to help determine the most likely grouping among the three species that were not monophyletic in Pettengill and Neel (2008) : (1) three different groups corresponding to A. acuta, A. decemloba , and A. tenella ; (2) A. acuta and A. decemloba representing one group and A. tenella as a second group; (3) A. decemloba and A. tenella representing one group and A. acuta as the second group; and (4) A. acuta as a group and A. tenella with A. decemloba as the second group. We expect that the model with the largest amount of variation explained at the species level best refl ects the correct taxonomic alignment (e.g., King et al., 2006 ) .
We calculated Nei ' s estimate of genetic distance ( D a ) ( Nei et al., 1983 ) among all pairs of populations with the program DISPAN ( Ota, 1993 ) ; DISPAN was also used to construct a tree based on the neighbor-joining algorithm ( Saitou and Nei, 1987 ) and conduct 1000 bootstrap replicates. We chose D a because simulation and empirical studies have shown that this distance exhibits a better linear relationship with evolutionary time when the groups of interest have only recently diverged and that it is more accurate at recovering the correct topology than alternative distance measures ( Takezaki and Nei, 1996 ; Paetkau et al., 1997 ) .
Given that grouping individuals into populations can mask similarities among heterospecifi cs and artifi cially infl ate apparent differences among entities, we constructed a neighbor-joining tree based on D a distances among . acuta , A. decemloba, A. tenella , A. obtusifolia , and A. skinneriana ) that were included in the population level analyses. Colors of the species ' ranges correspond to those of the population labels.
sertion that was diagnostic of A. obtusifolia . There was a ~200-bp insertion present in both A. obtusifolia and A. skinneriana ; within this large insertion, there was a 5-bp insertion unique to A. obtusifolia and a 21-bp insertion within A. skinneriana that distinguished the two species. The trnT-trnF locus had two diagnostic insertion/deletion events, one of which was diagnostic of A. obtusifolia , and one that was present in both A. skinneriana and A. obtusifolia .
Microsatellite amplifi cation success and levels of genetic diversity -We successfully genotyped nearly 100% of the 14 microsatellite loci across all A. acuta and A. decemloba populations. Amplifi cation across loci in A. tenella samples was ~95% successful and in A. obtusifolia was ~86% successful ( Table  4 ) .
Agalinis acuta had the largest number of individuals sampled, and yet we detected 113 alleles at the 14 loci compared to 79 in A. decemloba , 271 in A. tenella , and 227 in A. obtusifolia ; allelic richness ( A R ) per locus at the species level ranged from 5.12 in A. acuta , to 12.88 in putative A. tenella ( Table 4 ) . The high A R in A. tenella was due in large part to one population (ATE-LCGA) that had large numbers of alleles at multiple loci, many of which were exclusive to that population.
Species-level H e ranged from 0.51 in A. decemloba to 0.79 in A. tenella ( ( Table 4 ) .
Population-level allelic richness mirrored species-level patterns in that A. acuta had the lowest average A R per locus ( A R =1.78) ( Table 4 ) . Agalinis tenella had the highest average A R within populations ( A R = 5.04). The proportion of polymorphic loci within populations was substantially lower in A. acuta (ranging from 0.07 to 0.93) than it was for populations of the other species (ranging from 0.86 to 1.0). The low levels of polymorphism for A. acuta are particularly striking because sampling was biased toward polymorphic loci for this species.
Within-population H e values were < 0.2 in all but one population of A. acuta and in one of the two populations of A. decemloba ( Table 4 ) . H o within A. acuta was exceptionally low in the populations at Shadmoor (AAC-SHNY), Montauk Downs (AAC-MDNY), and Soldiers Delight (AAC-SDMD) ( Table 4 ) . The low heterozygosity in the latter population is surprising given its size and extent. Soldiers Delight also had the highest F IS value of any population.
Across all four putative species, mean pairwise intraspecifi c Jost ' s D EST ( Jost, 2008 ) values for individual populations were lower than mean pairwise interspecifi c values ( Table 4 , online Appendix S4). Intraspecifi c levels of differentiation were lowest among the A. tenella populations (intraspecifi c EST 0.384 D ) and greatest among the A. obtusifolia populations (intraspecifi c EST 0.647 D ) ( Table 4 ) . Agalinis obtusifolia populations were also the most differentiated from putative heterospecifi c populations followed by A. acuta populations; A. decemloba populations were the least differentiated from putative heterospecifi c populations.
Heterozygosity estimates based on the FreeNA data set were larger than those observed in the original data, with averages across populations ranging from H o = 0.31 in A. acuta to H o = 0.77 in A. tenella . However, there was little difference in measures of differentiation based on our observed data ( F ST = 0.45; estimated using GENEPOP) vs. the FreeNA data set ( F ST = 0.43).
preferentially for removal if it was highly correlated with many other variables or was found, based on exploratory analyses, to contribute less to differentiating among groups. DFA was performed using all sampled plants that had complete data (i.e., plants with missing data were casewise deleted), which yielded a data set with 294 individuals in 18 populations. We used forward stepwise procedures to enter variables in each model; tolerance for a variable to enter was set at 0.01 and F-to-enter the model was set between 2 and 2.8. We used the eigenvalue of and cumulative proportion of variance explained by each discriminant function to understand its unique contribution to discriminating among groups in each model; factor structure coeffi cients and standardized canonical coeffi cients were used to assign meaning to each of the DFA axes.
We constructed two DFA models, one in which species was the grouping variable and another using population as the grouping variable. Cross validation for the comparisons in which species was the grouping variable was used to provide a more conservative evaluation of classifi cation success. We created 10 independent data sets in which half of the individuals in each population were randomly assigned to a training set that was used to build the DFA model. The remaining individuals were assigned to a test set that was then classifi ed using the model created with the training set. Next, we calculated the median number of individuals classifi ed into each species and the median percent correct classifi cation for each species across the 10 runs. Small sample sizes in a number of populations precluded use of cross validation when population was used as the grouping variable.
RESULTS
Phylogenetic analysis and monophyly -We obtained sequences from all samples for all loci except matK , rbcL , and rps2 , which were missing from between one and fi ve individuals ( Table 2 ; TreeBase id: 11105). Concatenating the six loci produced an alignment of 4799 bp that had 216 variable sites (4.71%). Interspecifi c K2P distances among only A. acuta , A. decemloba , and A. tenella averaged 0.0011 ( σ = 0.0005), while intraspecifi c distances averaged 0.0008 ( σ = 0.0022) ( Table 3 ) . Agalinis obtusifolia and A. skinneriana differed from one another and from A. acuta , A. decemloba , and A. tenella by distances from 0.021 to 0.031.
The results from the two methods of phylogenetic inference (i.e., Bayesian and maximum-likelihood) were congruent with one another. Both provided strong support for the monophyly of A. skinneriana and A. obtusifolia (bootstrap support = 100%, posterior probability [PP] = 1.0; Fig. 2 ) , and A. acuta, A. decemloba, and A. tenella were polyphyletic.
Diagnostic cpDNA characters -Agalinis obtusifolia and A. skinneriana were both distinguished from all other species by fi xed nucleotide differences in psbA-trnH and trnT-trnF ; there were no fi xed differences that distinguished A. acuta , A. decemloba , and A. tenella from each other (Appendix S3, see online Supplemental Data). Within psbA-trnH , there was an 18-bp in- The A. obtusifolia populations were also aligned within a strongly supported cluster (bootstrap value of 100%).
The relationships based on D a distances calculated among individuals were congruent with the results based on distances among populations (online Appendix S5). The three putative taxa each formed monospecifi c clusters, and the sister relationship between representatives of A. decemloba populations and A. acuta populations was also recovered. However, the branch uniting one group of A. acuta with A. decemloba is shorter than the branch uniting the two large groups of A. acuta.
The neighbor-joining tree based on D a distances calculated from the data set from FreeNA (fi gure not shown) had nearly identical topology to the tree based on the observed data with differences being in the relationships among conspecifi c rather than heterospecifi c populations and in bootstrap values. Thus, if null alleles were present in our data set, the resulting bias does not dramatically affect the relationships inferred with the observed data.
Microsatellite-based genetic distance among populations and individuals -Pairwise interspecifi c D a distances between
A. acuta and A. decemloba populations averaged 0.476, which was quite similar to intraspecifi c distances among A. acuta populations and slightly higher than intraspecifi c distances between the two A. decemloba populations ( Table 3 ; online Appendix S4). Distances between these two species and A. tenella were larger ( D a = 0.568 -0.589); distances of those three taxa to A. obtusifolia or A. skinneriana were even larger.
The neighbor-joining tree inferred from D a distances placed all A. acuta populations in the same cluster with moderate support (bootstrap value of 73%; Fig. 3 ). The two putative A. decemloba populations formed a cluster with 91% bootstrap support. Together these two clusters formed a strongly supported group (bootstrap value of 94%). The A. tenella populations formed a strongly supported cluster (bootstrap value of 99%), which was sister to the group with A. acuta and A. decemloba . each formed monospecifi c clusters; the other two clusters were composed of both A. acuta and A. decemloba ( Fig. 4 ) . A similar pattern exists for K = 5 and 6, in that all A. obtusifolia and A. tenella individuals formed monospecifi c clusters, but A. acuta and A. decemloba formed heterospecifi c clusters. However, at K = 2, all A. obtusifolia and A. tenella individuals occupied one cluster, and the other two species comprised the second cluster. At K = 3, all A. obtusifolia individuals occupied a single cluster, A. acuta individuals represented a second cluster, and the third included all A. decemloba and A. tenella samples. Even if relationships among populations were hierarchical (e.g., differentiation among taxa and differentiation among populations within those taxa), we would expect that at K = 4 putative conspecifi cs would form a single cluster and as K increased beyond 4 that conspecifi cs would either form a single cluster or multiple clusters that would not include heterospecifi cs. This was the case for A. tenella and A. obtusifolia but not for A. decemloba or A. acuta .
Morphology -A DFA model with species as the grouping variable and 19 of the morphological variables, differentiated the fi ve putative species with greater than 89% accuracy. Median correct classifi cation rates based on cross validation of 50% of the cases in each species in 10 independent runs were at least 75% for all species and were above 95% for A. acuta and A. obtusifolia . The fi rst two axes explained 83% of the variance (online Appendix S6). The fi rst axis predominantly distinguished A. obtusifolia and A. tenella from the other three species ( Fig. 5A ) .
Microsatellite-based analysis of molecular variance and population structure -In the AMOVA model treating each of the four putative species as a separate group, the largest amount of variance in genetic distances was explained by the species level (55.37%; P < 0.001). Substantially less variation was explained by differences among populations within species and among individuals within populations (22.52% and 22.11%, respectively; P < 0.001) ( Table 5 ).
The amount of variation explained at the highest level within the three models excluding putative A. obtusifolia was significant but approximately 50% less than when that taxon was included. This suggests that A. obtusifolia is responsible for the majority of the differences among the four putative species ( Table 5 ) . Of the three models excluding A. obtusifolia , the largest amount of variance explained at the " species " level was when A. acuta and A. decemloba were treated as one group and A. tenella as a second group (31.12%; Table 5 ). Two of the other models (i.e., treating A. acuta , A. decemloba , and A. tenella each separately, and combining A. decemloba and A. tenella into one group and treating A. acuta as a group) had an approximately 10% reduction in variance explained at the highest level in the model. The fi nal model, grouping A. decemloba and A. tenella together and treating A. acuta separately, was a particularly poor fi t with a negative percentage of variance explained at the highest level (detailed results not presented).
Focusing on the results when K = 4 of the STRUCTURE analyses, which are presented using the software DISTRUCT ( Rosenberg, 2004 ) , A. obtusifolia and A. tenella individuals 
DISCUSSION
Evolutionary distinctiveness of Agalinis acuta -We have implemented a comprehensive approach to evaluate the taxonomic status of A. acuta to ensure that it is distinct and warrants listing under the Endangered Species Act. Our approach began with assessing whether conspecifi cs adhere to the most restrictive species concept of genealogical exclusivity ( Baum and Shaw, 1995 ) . On the basis of sequence variation within six cpDNA loci, there was no support for the distinctiveness of A. acuta , A. decemloba , or A. tenella under the genealogical species concept ( Fig. 2 ) . Given that genealogical exclusivity emphasizes a property expected to arise late in the divergence process as a result of the time necessary for the sorting of ancestral polymorphisms and, therefore, is not to be expected among recently diverged species, our next step was to evaluate the taxonomic status of A. acuta using additional methods and evaluate those results in light of alternative species concepts. Analyses under the phylogenetic and genotypic cluster species concepts suggest that A. tenella is a separate species. However, we did not fi nd support for the distinctiveness of A. acuta from A. decemloba , which based on historical nomenclatural precedence, the former taxon should be synonymized under A. decemloba.
Despite the lack of genealogical exclusivity of A. tenella with respect to A. acuta and A. decemloba , alternative approaches that detect differences expected to arise earlier in the divergence process support the taxonomic hypothesis that A. tenella is a distinct species. Based on the differential amplifi cation success of the microsatellites, which we treated as an additional diagnostic character, A. tenella is differentiated
The most important distinguishing character on this axis was the ratio of pedicel length to bract length, which was larger in A. obtusifolia and A. tenella . These species have comparatively long pedicels (median length 10.7 mm and 12.9 mm, respectively), short bracts (median length 3.4 mm and 4.8 mm, respectively), and shorter calyx lobes. Increasing values of dorsal anther length, the ratio of pedicel to calyx length, and decreasing values of stigma length explained the second DFA axis, which primarily separates A. decemloba and A. skinneriana from the three other taxa ( Fig. 5A ). The plot also shows evidence that A. acuta is unique from the other taxa in having smaller values along the fi rst axis but larger values along axis two. In addition to the continuous variables discussed, we found the absence of pink spots and yellow guidelines within the corollas of A. obtusifolia to be a consistent diagnostic character for this species.
A DFA model with population as the grouping variable and 18 predictor variables yielded 11 signifi cant axes, four of which explained ~79% of variance (online Appendix S7). This model indicated substantial variation within and among populations within species ( Fig. 5B ) . Specifi cally, fi ve populations had correct classifi cation rates of < 75%, rates for six populations were between 75 and 90%, and eight populations had ≥ 90% correct classifi cation. Of the 35 misclassifi ed individuals, 80% were classifi ed into a conspecifi c population. All 12 A. obtusifolia misclassifi cations were into conspecifi c populations. Between two and four individuals of A. acuta , A. decemloba , and A. tenella were assigned to heterospecifi c populations. As with the species level model, there was substantial overlap in the morphological variation captured by DFA axis 1 that followed primarily a south to north gradient ( Fig. 5 ) . Axis 2 distinguished an A. tenella population (ATE-CCSC) from all other populations. among populations (bootstrap support = 94%; Fig. 3 ) . A neighborjoining tree based on distances among individuals shows that some members of A. acuta are more similar to A. decemloba than they are to the other A. acuta individuals (Appendix S5). Similarly, the two species form heterospecifi c clusters at K = 4 through 6 in the STRUCTURE analyses ( Fig. 4 ) . The AMOVA analyses indicate a higher proportion of variance in genetic distances explained when A. acuta and A. decemloba represent a single group than when they are treated separately ( Table 5 ) further supporting the indistinctiveness of those taxa. Agalinis acuta appears to be morphologically distinct when species was used as the grouping variable within the DFA model ( Fig. 5A ) . However, there is substantial overlap among putative heterospecifi c populations ( Fig. 5B ) and others have synonymized A. acuta and A. decemloba due to a lack of reliable morphological traits for differentiating the two (J. M. CanneHilliker and J. F. Hays, submitted manuscript).
There have been few comprehensive studies investigating the evolutionary distinctiveness of species listed under the Endangered Species Act. Those that do exist help illustrate the utility of conducting additional analyses with more hypervariable loci and dense population sampling to resolve questions of taxonomic status that arise as a result of a lack of genealogical exclusivity. In one such study, six morphologically distinct species in the genus Conradina (Lamiaceae) native to the southeastern United States were found to be paraphyletic based on 3642 bp of combined chloroplast and nuclear DNA sequence ( Edwards et al., 2008 ) . Subsequent analyses employing 10 microsatellite loci found patterns of differentiation that the authors considered suffi cient to support recognition of six putative species (e.g., STRUCTURE analyses showed all conspecifi cs forming single clusters at K = 6 with minimal or no admixture; Edwards et al., by a reduction in amplifi cation success relative to A. acuta and A. decemloba . The latter two putative taxa amplifi ed equally well. We also found support for A. tenella being distinct under the genotypic cluster species concept in that representatives of that species formed a well-supported group within the neighbor-joining trees based on D a distances ( Fig. 3 ; Appendix S5). Agalinis tenella individuals also formed a separate cluster within the STRUCTURE analyses at K = 4 through 6 ( Fig. 4 ) . The results of the AMOVA analyses that showed the greatest percentage of genetic variance explained at the among taxon level was within a model treating A. tenella as a separate taxon also support its distinctiveness from A. acuta and A. decemloba ( Table 5 ) . Although plotting the results of the DFA models does not present compelling evidence for distinctiveness of A. tenella ( Fig. 5 ) , the accuracy of assignments in the DFA analysis do suggest that morphological characters can be used to differentiate the taxa. Based on our results and the description for the Flora of North America , that also treats A. tenella as a distinct taxon (J. M. Canne-Hilliker and J. F. Hays, submitted manuscript), A. tenella is differentiated by having laxly and widely spreading branches, much shorter calyx lobes, and larger corollas than A. acuta or A. decemloba .
Support for the synonymization of A. acuta with A. decemloba comes from the fact that those two species did not meet the criteria expected of different taxa under any of the three species concepts considered. Relative to one another, the two species were not genealogically exclusive and did not posses diagnostic character differences. We also did not fi nd support for A. acuta and A. decemloba being distinct under the genotypic cluster species concept in that the two formed a strongly supported group within the neighbor-joining tree based on D a distances Similar to our conclusions, an investigation of the evolutionary distinctiveness of the federally listed narrowly endemic species Spiranthes parksii (Orchidaceae) from the more widespread Spiranthes cernua suggested the two be synonymized ( Dueck and Cameron, 2008 ) . The two species are often sympatric, possess many morphological similarities, and the differences that have been used historically to differentiate S. parksii were considered to refl ect locally distinct phenotypes of the more widespread and variable S. cernua ( Dueck and Cameron, 2008 ) . Phylogenetic analyses of 3191 bp representing four DNA sequence loci showed S. parksii to be nested within S. cernua . 2008 ). Edwards et al. (2008) also suggested that three populations of Conradina canescens warrant species status because they corresponded to three clusters at K = 8, although those clusters each had an appreciable amount of admixture; a similar claim was made regarding the genetic distinctness of a group of recently discovered populations from Santa Rosa, Florida ( Edwards et al., 2008 ) . In contrast, we have interpreted strongly supported groups within putative taxa to represent phylogeographic substructure rather than taxonomic level differences (e.g., all A. tenella populations from Georgia form a well supported group; Fig. 3 ) . Table 1 . portance of accurate taxonomic assignments for conservation. Based on the described evidence, we suggest that what would be called A. decemloba is at risk for extinction due to an irregular disturbance regime and/or destruction of suitable habitat and, therefore, warrants protection under the ESA.
Conclusions -The sequential approach we have described provides a framework within which one can effectively test taxonomic hypotheses and resolve issues of taxonomic uncertainty. By applying such an approach to A. acuta and those species from which it may not be distinct, it was possible to identify where along the divergence continuum those entities lie and compare the observed patterns against the criteria of multiple species concepts. Although the most restrictive criteria of genealogical exclusivity was not observed for A. tenella , our sequential approach confi rmed the taxonomic distinctiveness of that taxon based on properties that are expected to arise earlier in the divergence process. Focusing on those same properties, we determined that A. acuta does not represent a distinct taxon and recommend that it be synonymized with A. decemloba. We have advocated that, despite the range expansion associated with the synonymization under A. decemloba , the taxon is at risk for extinction throughout its range. However, whether the newly circumscribed A. decemloba meets the defi nition of endangerment under Section 4 of the ESA is ultimately a decision for the U. S. Fish and Wildlife Service.
The patterns of relatedness among conspecifi c individuals based on AFLP and microsatellite variation showed little concordance with the pattern expected of species and provided no evidence of substructure that would indicate infraspecifi c taxonomic groups. Consequently, the authors recommended that the two species be synonymized but also stated that the impact of their results on the conservation of S. parksii ultimately rests with the USFWS. Although we have also suggested that synonymization is warranted, the conservation implications differ between our study and Dueck and Cameron (2008) given that A. decemloba populations also appear to be of conservation concern (see discussion below).
Conservation implications -To receive federal protection, the taxon that would include A. acuta must either be in danger of extinction throughout all or a signifi cant portion of its range (endangered) or at risk for becoming endangered in the foreseeable future (threatened) ( U. S. Congress, 1973 ) . Remaining populations of what was known as A. acuta in the northeast are small, isolated, and vulnerable to extirpation if habitat protection and management were not ongoing through implementation of the recovery plan ( U. S. Fish and Wildlife Service, 1989b ) . Therefore, the conservation status of what would now be A. decemloba depends on whether the southward range extension to central North Carolina, and possibly to South Carolina, from merging A. decemloba and A. acuta (1) results in a taxon that still faces a high risk of extinction and warrants continued listing as endangered, (2) reduces the threat such that the taxon is at risk for endangerment and thus should be listed as threatened, or (3) results in a taxon that is not at risk for immediate extinction or of endangerment in the foreseeable future and no longer warrants listing.
Although determining the conservation status of A. decemloba is the purview of the U. S. Fish and Wildlife Service, our observations during sampling efforts provide some insight into the conservation status of the taxon. We obtained locations of 24 documented occurrences of A. decemloba from local and state agencies, herbaria, and taxonomic experts. We also searched appropriate habitat at many other locations and found no occurrences. Across multiple years, we found plants at only three of the 22 occurrences we visited. Only a single individual was found at the third site located on the grounds of the North Carolina Zoological Park and, therefore, was not included in this study. From a conservation perspective, all three occurrences that we could locate appear at risk for extirpation where they are found in areas particularly susceptible to an irregular disturbance regime (e.g., along a powerline corridor and roadsides). The two populations we did sample also have high inbreeding coeffi cients and low levels of allelic richness ( Table 2 ) that appear to be of such magnitude that genetic issues, based on population genetic theory, could negatively affect fi tness ( Frankham et al., 2002 ) . Although seasonal fl uctuations in fl owering time may explain why we could not locate more occurrences, many populations also appear to have been extirpated. Furthermore, many of the potential explanations for the absence of populations (e.g., succession of grassland habitat to forest, herbicide spraying on road verges and utility corridors, and conversion of habitat to agricultural and commercial development) would have been less likely to occur if these populations had received federal protection. That state agencies ceased to track A. decemloba as a result of the synonymization with A. obtusifolia , which our results show was not warranted, may have facilitated the extirpation of some occurrences and further illustrates the im-
